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(57) Abstract: 
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communication systems. SUBSTANCE: method 
includes generation of N staggering channels 
and N pilot signals on sending end; data 
signal is transmitted through all staggering 
channels and pilot signal is passed through 
respective staggering channels; on receiving 
end transfer functions of staggering 
channels are estimated using transmitted 
pilot signals; using estimates obtained data 
signal transmitted through each staggering 
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H3oO"peTeHi/te othocmtcs k oonacT&i 
paAWOTaxH^KM, k cnocoSy opraH^au.nt/i 
pasHeceHHo^ nepeAanvi curnana a cucrewe 

P3AHOCB513M, B M3CTH0CTH B CVICT6M8 

paAtfoc&83H c MHO>KecTBeHHbiM AocrynoM, 

£|ns paAWOCB^an b ycnoeaax ropoACKOt?! 
3acTpo&Kn uriM nepeceMaNHoi^ MecTHociuf 
xapaKrepno MHoronyMBBoe pacnpocTpaneHwe 
curHana, npuBOA^Li^ee k aawnpaHnsiM cumana 

H3 npHGMHOUl CTOpOHe, B TOM HUCne V\ K 

HacTOTHo-ceneKTWBHbiM 3aMnpaHnaM. 
SaM^paNMa 3HaHHTenbHo yxyALuaK>T KanecTBO 
npweMa cumana, npn stow b ceiCTewax 
nepeAaMM MHc$)opMai4Hn B03pacTaei 

BepOHTHOCTb OLUHOOK, V\ OHk!)KaeTCR CKOpOCTb 

nep©A£^ HH(|>opMaAHM> 

no3TOMy Heo6xoAViMO co3AasaTb rame 
cnoco6bi nepeAaHH c^n-iana, Koropbie cHM>KaMDT 
BnnfiHue 3aMKpaHtftf Ha Kaqecrso psmnocBfisvi 
Ha^6onee aapc^eKTHBHbiM cnoco6oM 6opb6bi c 
saMUpaHMfiMH flBfiaeTCfi opraHi/t3au,H8 
paaneoeHHbix Kananos nepe^aH^ (b Koropbix 
nepeAaBaeMbiW cuman nperepnesaeT 

CTBT 14CT H M eGK H He3aBHCMIWbie MGKa>KeHMfl [1, 

Microwave Mobile Communications/ Edited by 
William C. Jakes, IEEE Press. NY, 1994]) » 
nepeAana AaHHbix no 3tmm pa3HeceHNWM 
KananaM. 

l^3BecTHbi cnocoo"bi KcrepeHTHoi* 
pasneceHHOft nepeAa^w c^mana, nasbiBaeMbie 
Retransmission Diversity [1], {lepe&aMa 
cumana comacHO stmm cnocooaw 
ocyinecTsnflercfl c N npocTpaHCTBSHHO 
pa3HeceHHbiX nepeAawiAnx aKTeHH. Flpn stow 
na nepeAaioiAew cropone kisBecTHbi 
KoiwinneKCHbie K034x£tft^eHTbi nepeAann 
cvtmanoB Me>KAy nepeAatou^MM aNTenna^n n 
npneiwHow aHTeHHoi^. 3ia nHtfcopMaqnq 
ncnorib3yeTCH aha MBKCMMwsai^wH OTHOLueHKR 
cuman-iuyM (OCUJ) B npusMHofi anreHHe 
nocpeACTBOM onTHwanbHoi* ycraHOBKH 
aMnnnrvAbi ^ cf>a3bi nepeAaaaeMoro c^ruana b 
Kswippw nepeAa^otf aHreHHe. 

PaccMaTpn BaHDTCfl ABa ocHOBHbix cnoco6a 
nony^eHHfl Tpe6yeMoft i/iHCHopMautfn o KaHane 
pacnpocTpaHSHHR. B nepBOM cnoco6"e b 
cucreivie cbfok peanwsoBaH speMeHHoPi 
AynneKC. riooTowy ot^eHKa KaHana 
pacnpocrpaHeHun apopiviwpyeTCfl npw npweMe 
cumana Ha yK33aHHbie N aHieHH, Bo btopom 
cnocooe ucnonb3yerc?t nacTOTHbiPi AynneKC, ho 
nojiocbi nacror npflMoro v\ oepamoro Kananos 
nepeAanw cumana pacnonaraHDTCH 6nn3KO APyr 
k Apyry c ieM P HTo6bi Kananbi pacnpocTpaneHUfi 
b nptfMOM \a o^paTHOM HanpaBneHwax 6bifM 
ck!JibHO KoppennpOBaHHbiMM. B 3TOM cnynae 3a 
oi^eHKy npwsworo KaHana TaioKe oepercfl ot^enKa 
o6paTHoro Kana/ia. 

8 coBpeweHHbix CMcreMax cb«3h o6biMHO 
ncnonbsyercfi MacTOTHbi^ AynneKc vi 
npHMOH^iOTCfi AocraroHHo ujupOKonojiocHwe 
cwrHanbi. noaroMy ycrpanenne B3a#MHoro 
BJinfiHM?! c^rHanoB b npflMOM k oSparnoM 
KaHanax Tpe6yeT o6ecneHeHMn 3HaMMTexibHoro 
MacroTHoro pa3HOca we>KAy stwmm Kananawn. 
yKasaHHbie cpaKropb? wcKHKHaioT npaKTHMecKyfo 
peannaai^nio cnocoSa Retransmission Diversity 
[1]- 

£j/ifl WHorony^eBbix KaHanos CBaan nsBecrno 
rexHWHecKoe peiuenne [2, "Pre-RAKE diversity 
combining in time division duplex CDMA 
mibile communications", IEEE, 1995 r. , 
0-7803-3002-1/95 431 -435], 3aioiK)MaK)ii4eecfl a 
tom, hto np6AHa3HaqeHHbi^ Anfi nepeAann 
HHC^opMaL^iioHHbr^ c^rHan npeAbicKa^aercp 
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raKMM oepasoiw, HToSbi cKOMnencupoBaTb ero 
MCKa>KeHMfl a MHoronyneBOM KaHane. B 
pesynbTaie npuHMMaeMbiPi c^rHari flSJi^ercfl 
OAHonyneBbiM m o6pa6aibiBaeTC^ npocTbiM 
OAHonyneBbiM np^eMH^Kowi. 3ro oco^eHHo 
aKTyanbHO ah« npflMoro Kanana, nocKoribKy Ha 
a6oHeHTCKO^ ctbhumm He Tpe6yexcfl 
Mcnoxib30BaH^e cno>KHoro b peann3aunn 
MHoronyMesoro (Rake) npneMHMKa. Arm 
pean^isaL^M^ yKasannoro cnoco6a nepeAann 
cnmana na nepeAafOLAe^ cropoHe ipe6yeTCR 
oqeHKa Kanana pacnpocTpaneH^^. HosTOMy 
aaTopbi npeAnaraior cbom cnoco6 ahpi ci^cxeM 
CBS3H c BpeMeHHbiM AyniieKcoM, rAe nonyneHHe 
TaKow ol^ohk^ He npeACTasnflOT oonbiuMx 
3arpyAHeHMii. 

Haw6oxiee 6riM3K^M TexHunecicMM peineHHeM 
k 3aaBjnaeMO!wy cnoco6y pa3HeceHHow nepeflaHvi 
CMmana HBJiFieTCfl cnocoS, onncaHHbiR b 
npoeKie craHAapTa 3GPP [3; 3 rd Generation 
Partnership Project; Technical Specification 
Group Radio Access Network; Physical Layer 
procedures (FDD), 3G TS 25.214 v. 3.3.0 
(2000-06), p p. 29-31, aneKTpoHHaa sepci/m 
http://www.3gpp.org]. Cnoco6-nporoTMn 
ncnoj]b3yeTCE b npfiMOM KaHane (HanpasneHPie 

C&mV\ OT 6a3CBOM CTaHU.WM K MOOHJlbHO^ 

craHU.n^) CMcrewbi cbh3h 3GPP 3aKnfOHaercH b 
tom, hto: 

Ha nepeAaK)LAei^ CTopoHe {^opwupyiOT ABa 
npocrpaHCTBeHHO pa3HeceHHbix mnana 
nepem^w cumana, Ans^ Ka?KAoro 
npocTpancTBeHHo pa3HeceHHoro Kanana 
nepeAan^ cwmana cjpop^MpyjoT 

cooTBeTCTsyhOLAHPi aroiviy Kanany nunoT-cwman 
raKkiM QSpasoM, HTo6bi ccpopMi^poBaHHbie 
n^jioT-c^maJibi Dbinn B3a^MHO opioroHanbHbi, 
Upopw^ipytoT nHcjsopMaAMOHHbiPi cwman, 
opToroHanbHbi^ nunoT-cumanaM, n nepeAa^T 
ero He pes Asa npocTpaHCTBeHHo pasHeceHHbix 
KaHana nepeAann cumana oAHOspeweHHO c 
nunoT-curHanaMw; 

Ha npvieMHoPi cTopone 0opMnpyioT ou,eHKy 
4)a30soro CABura, KoropyK) Heo6xoAn^o BHecTM 
b cuman, nepeAasaewbtPi nepe3 BTOpoi^ 
npocTpaHCTBenno pasneceHHbiw KaHan 
nepeAann curnana An^ roro, HTo6bi 
MaKCMMH3nposarb oTHOiueHne cuman-noMexa 
na np^eMHotf CTopoHe, unw ou,eH<y 0pa3OBoro 
cABura 14 aMnnnryAHoro MHO?KMTen« 
(KO30C{ML4lieHTa) I KOTOpbie HeoCxoA^wo BHecru 
b cuman, nepeAasae^biw nepe3 BTopoPi 
npocrpaHCTBeHHO pa3HeceHHbiPi KaHan 
nepeAanw curnajia aha roro, Hro6bi 
MaKCMMM3npoBaTb oTHOLueHne cwrHan-noMexa 
na npneMHOtf CTopoHe, norsy^eHHbie oqeHKn 
cooGmafor na nepeAatou^yfo cTopony; 

Ha nepeAafc-LAetf cropone Koppejcr^pytoT 
cwrHan 3 nepeAaBaeMwi^ no sropoMy 
npocTpaHCTBenno pasnecenHOMy Kanany 
nepeAaMM curnana b cooiBeTCTBun c 
nonyneHHbiMH cueHKarww, 

YKasaHHoe M3o6peieH^e mo>kot 

MCnOJlb30BaTbCH B CMCTeMaX CBJ13M C HacTOTHbiM 

AynneKcoM 6naroAapa Hannnnio o6parno^ 
CBR3M, no KOTopoi?! nepeAaeTCSR 0i\eHi<a npflMoro 
Kanana c MoBwnbHO^ CTani^^n (MC) na 6a30Byto 
CTaHU,nio (5C). 

HeAOcrarKOM cnoco6a-npoTOTnna yiBn^erc^ 

H^ISKafl 3Cf)0eKTHBHOCTb pa6oTbi npn 
nacTOTHO-ceneKTHBHbsx saMMpaHtnRX curnana. 
Ha nepeAaioiAePi CTopoHe Bee KOMnoneHTbr 
cneKTpa nepeAaBaeMoro c^mana nonyMaioT 
OA^naKOBbie awnnMTyAHO-cpasoBbie KoppeKUH^, 
a to BpeMa kbk aMnn^TyAHo-4)a30Bbfe 
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ncKaxeHHR pa3nnMHbix yMacricoB cneKipa 
npuHUMaeMoro GMrnana paanMMaKOTCB bbiaav 
MacTOTHO-ceneKTHBHoro xapatorepa saMnpaHMPi. 
HosTOMy b cnoco6e-npOTOTwns h e bos m o>kho 
oSecneMMTb onTHManbHoe KorepeniHoe 
cno>KeHne & TOiKe npwewa Kon^Pi 
MH^opwiaq^oHHoro cwrnana, nepeAaHHbix no 
paaHeceHHbiM KananaM t OAHOBpeweHHo Arm 
Bcex cneKrpanbMbix komhohsht 

MH<£>opMa4MGHHoro cumana. 

SaAana, Ha petueHne Koropofi HanpaeneHo 
3asan^eMoe M3o6peTeHne h - nosbiiueHMe 
3cj3Cf)eKTHBKOCTM nepeAa^w cMmana b c^creMe 
paAnocs?™ npn HacTOTHO-caneKTKBHbtx 
3aM^ipaHHFix cumana. 

FlocTaBJieHHafl saAana peiuaeTCfi nyieM 
Mcnonb3oaai-!Mfl saRBnaeiuoro cnocoSa 
KorepeHTHOw pa3HeceHHOM nepeAann curnana. 

3aHBJifleMbiPi cnoco6 KorepeHTHoPt 
paaHeceHHOM nepeAanw curnana 3aKnKoMaerca B 

TOM j HTO: 

Ha nepep,aK>u\e\A oropOHe cjxtpMnpyioT N 
KananoB pa3HeceHfm, 

4>opMHpyK)T N nunoT-cwrHajnioB w Ha3Hana!OT 
KaJKAowiy Kanany pa3HeceHW*i cboPi 
nunoT-curnan, 

nepeAatoi" wHcfsopMau^oHHutf curHan Mepe3 
Bee Kanaribi pasHeceHws, a nwnoT-curHanbi - no 
cooTBeTCTByrouj^M KaHanaM pa3HeceHtta, 

Ha npneMHote cropoNe oMeHUBasoT 
nepeAaTOMHbfe cjDyHKL^n^ Kananos paaHecenns c 
ncnojibSOBaHneM nepeAannbix n^nor-cvirHanoB, 
nepeAaioT pe3ynbxaTbi OL^eHKH napeAaroMHbix 
cpyHKUjAfi KananoB pa3HeceHtffl hb nepeAaHDLqyK) 

CTOpOHy, 

na nepeAaK)L4eft oTOpone b cooTBeicTa^n c 
nony^eHHbiMn peaynbTaraMM oi^enoK 
ocyu4ecTBJi5RK>T npeAbicKa>KeHMe 
i4HCt>opMaL4HOHHoro cumana, nepeABBaeworo 
nepe3 Ka>KAbitf KaHan pasHeceni^ rawiw 
o6pa3DM, mo6b! MaKc^SM&i3i4poBaTb KanecTBO 
npkieMa ^Hc^opMat^oHHoro cwmana na 
np^eMHoft cropoHs. 

FlpMMeM nnjioT-cufHanbE Kananos 
paaHeceH^m \a MHc^opMaunoHHWH c«man 

PB/lf1K>TCH B3aMMH0 OpTOFOHaJIbHblMH . 

Bo3M0>KHbi pasjinHHbie cnocoobi 

cfjopMwpoBaHMsi nwnoT-CMrHanoB. 

nwnoT-CMmajibi KananoB pa3HeceHwa n 
HHc{)opMai4^0HHbi^ cumaji Moryi\ Hanpuwep, 
3aHHwiaTb oAHy m Ty 7Ke nonocy mhctot. 

nuAOT-CMmaji Kaworo Kanana pasneceHUfi 
wo>KeT npeACtaBTiPTb co6ofl coBOKynHocrb 
ysKonoAOGHbix nunoT-cumanoB, 
pacnpeA^rtewHbix no nonoce Hacror, 
3aHHMaeMoK nHc^opMaqwoHHbiM cumanow, 

nuAOT-CMman Ka>KAoro KBHana paaHeceHKfl 

MOKST npeACTaBARTb COBOKynHOCTb 

y3KononocHbix nuAOT-curnanoB, 
pacnpeAeneHHbix no nonoce nacTor, 
Bb^AonenHOM c^cTOMe paA^ocB^an, npn stom 
nonoca HacioT paaAenaercE Me>KAy 
y3KonoAOCHbiMH n^AOT-curHanaMU paani^MHbix 
KananoB pa3HeceH^fi w ^H0opMaL4^oHHbiiw 
curnanoM. 

Onepai^vifi npeAbicKa>KeHHfi 
MHcf)opMaL|^OHHoro cumaria mo>K8t 6biTb 

BbfnoAH^Ha pa3flHHHblM 06pa30M. 

HanpuMep, ahr ocy^ecrB/ieHWR 
npeAHCKa>KeHMfl MHcjDOpMai^MOHHoro c«mauia 
pa36nsaioT nonocy ^botot nH4>opMaL^noHHoro 
cumaxia na M np^MbiKaHDiA^x nacroTHbix nonoc, 
ocyiAecTBJi??K>T c^wnbTpau^HK) wH4jopMai4tiOHHoro 
CMmana b Ka>KAoi?i msctothom nojioce, o6pa3y^ 

M C^HJlbTpOBaHHblX klH0OpMaA^OHHbJX C4UH3AOB, 
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KoppeKikipytoT 4 5a3 Y w aMnnwiyAy Kaworo 
4MJibrpoBaHHoro wH4>opMa!4MOHHoro curnaAa b 
cooTBercTB^n c pesynbTaraMU oqeHKH 
nepeAaroHHoPI cfryHKL^n cooTBOTCTByioii^ero 
KaHana pa3HeceH^p 5 oSpasya 
CKoppenrnposaHHbie c|D^nbTpoBa>HHbie 
HH0opwaqnoHHbie ci^rHaribi, KOTopbie 3areM 
cyMM^ipy^r. 

Hah, nanpuwep, Anfl ocyu4eciBneHKfl 
n ps Abi CKa>Ke hv&\ MHcjjopMai^noHHoro curHana 
ocyiAecTBAJRfOT npawioe npeo6pa30Bankse Oypbe 
naA MHC^opMaqwoHHbiM cumanoM, pesynbTai 
npeo6pa308aH!/if! nepewHo>KatoT c o>yHKL^neM ( 
KOMnneKCHO canpfl>K£HHOH c nepoAaroHHOw 
0yHKL4nePi oooTseTCTByK>!Aero tcaHaxia 
pa3HeceHHfl h m ocyiqecTBAfihOT o6paiHoe 
npeo€5pa30BaHtfe <t>ypbe. 

noA nepeAaTOHHow {fiyh\Ki\M&& (v\nv\ 
nacTOTHbiM K03c|3cpnqKeHTOM nepeAa^n) 
A^Hei^HOin cucTeMbt b nwispaType [4, 
ToHOpOBCKH^ 14, C. PaAMorexHWHecKtfe i\env\ h 
CHmanu. MocKBa, "CoBercKoe paA^o". 1977, c. 
176-177], [5, C.H. BacKaKOB. 

PaA^OTexH^HecKMe qenn v\ cwmaJibi, 
"BbiciuajR UJKOJia, 1988 r., c. 211-212] 
noHUViaeTca KownAeKcnafi cjDyHKi^n^, pasnafi 
nacTHOivty cneKipanbHbix njiOTHOCTew sbixoAHoro 
m BXOAHoro curHanoB nnHeftnoft cucreiwbi. 

ConocraBMTenbHbtw ananns 38f!BnaeMoro 
cnoco^a c npoiOT^noM noKasbiBaer, mo 
sa^BnsieMbitf cnoco6 cyiAecraeHHO ornnHaeTca 
ot npoTOT^na. 

06ul|hm^ npn3H3KaMM 3aaaAfieMoro cnoco6a 
n nporoTwna flBnneTCfl cjDopMnposaHkie N 
KaHSAOS pa3HeceHwsi Ha nepeAaioiAeW cTopOHe 
vi nanviHwe oGpaTHOM cb?I3h c npneMHo& 

CTOpOHbl, KOTOpa^ CJiy)KMT RflH KOppOKL^M^ 

napawerpoa ^Hc|3opMai4^0NHOfo ci^rHana, 
nepeAasaeivioro Msp©3 pa3AMHHbie KaHan bi 
paaHeceHHP, c i4eAbK) yjiyHLueH^fl KanecTsa 
npweMa HH4>opMai4MOHHoro cumana. 

Ota MMMTenbHbi mi/1 npnaHaKaMn aaaarmeMoro 
cnoco6a m npoTOTuna HBA^toTca cneAyiOLi^e 
npvi3HaKn: 

Ha npwoMHoPi cropOHe QL^envrBaiOT 
nepeAaioHHbre 0yHKi4nn KananoB pasHecenn^ c 
McnonbsosaH^eM nepeAaHHbix hmjiot cnrHanoB, 

nepeAaioT pesy/ibTaTbi oueHKn 

nep©AaTOHHbtx apyHKi^HPi KananoB pa3HeceHn?i 
Ha nepeAajoiAyio cTopoHy, 

na nepeAaiometf cropowe b cooraeTCTBuw c 
noAyneHNbiMM pe3ynbTaiaMn oi^eHOK 
ocyiL^eoTBnfl \ot npeAbicKa>i<eHMe 
MHc(DOpMai4woH«oro curNaiia, nepeAaaaeworo 
nepes Ka>KAbi^ KaHan pasneceHuft, TaKUM 
o6pa30ivi ) mo6bi MaKcnMH3npoBaxb KaneciBO 
npmeMa ^HcfxDpMaAvioHHoro owrKana Ha 
npneMHOM cropoHe. 

HOBM3H8 n npenMyiAecTBo sa^iBAfieMoro 
cnoco6a KorepeHTHOM pasneceHHO^ nepeAan^ 
cvirHana 3aKAK3MaK)Tc?i b yneTe msctotho 
-ceneKT^BHoro xapaKrepa 3awnpaHi4tf cumana 
nocpeAcraoM onT^MMsa^n pasneceHHoi^ 
nepeAann Bnyxpn nonocbi MacroT, 3aHiiMaeM0^ 

HHCtDOpMaU^OKHbJM cMmanoM. 

nepeMkioneHHbie oTnuH^renbHbie npn3HaK^ 
ooecneH^BaKOT 3aflBnaewoMy cnocoGy no 
cpaBHennK) c nporornnoM cooTBeTCTBue 

Kp^lTepWK> "HOBMSHa". 

CpaBHeHne 3aRBJiReMoro i43o6peTeH^jR c 
ApyrnMn rexHUHecK^Mvi peLueH^FiMH, 
MSBecTHbiwn 3 AaHHoPi o6nacTH TeXHMKM, He 
no3Bonwno SbmBHTb npH3HaKu, onpeAeneHHbie 
KaK oTnimnTenbHbte. 

CoBOKynHocib oTAMH^TenbHbix npn3naKOB 
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npn peanMaaqMM b 3aflBfifleMOM cnocooe 
KorepeHTNoR pa3HeceHHoi7i nepeflaMM cMrnaxia 
nosBOJifler 3HaMHTexibHO noBbicnib 
noMexoycioPiHMBocTb v\ nponycKHyK) 

CnOCOCHOCTb CMCieMbl pa^MOCBR3H. 

Gne^oeaTenbHO, z&mnn&uoe MaoopeieHMe 
oTBenaeT KpviTepn^M tfaoopereHMB 
"cyu^ecTBeHHbie oinHM^fi", "HeoHeBMAHOCfb" m 
OTeeMaeT M3o6peTaTe/ibCKOMy yposnio. 

B 3aBwcwMbix nyHKTax c^opMyjibi npMseAenbi 
npv^Mepbi BbinojiNeH^fi ocnoBHboc onepaL^tf 
3aflBn«eMoro cnoco6a, pacKpbirne Koropbix 
no3Bormer nynuuie noHsrrb npaKTMqecKyK) 
peanw3a!4^K) cnocooa. 

Onucanne M3o6pereHMfl ho^ch^otce 
rpacfwHecKHMtf MaTepnanaMM. 

<&w 1 vmntocTpMpyeT pasSMen^e 

BbiAeneHHoro b cMcrewe paAMOCBflaw nonocbi 
Macror Ha MacTOTHbte KaHajibi, rp,e f 1( f 2 ,..., - 
i4eHTpa/ibHbie nacxoTbJ MacTOTMbix KananoB. 

Ha cfw. 2 npwsseAeH npuMep 
pacnpeA^ennfl nHcjDopMai^MOHHbJx v\ 
nunoT-CHMBonoB no nacroTHbiM KananaM. 

4>nr.3 nxirihocTpupyeT nprnwep peani/iaaijHw 
saflBJiHeMoro cnoco6a KorepeHTHOfi 
paaHeceHHOM nepeAaHM Ha ycTpotfcrsax 
nepeAatomew h npMeMHOtt CTopoHbi (npMMep 
peajiH3ai4ns^ 3aflBn5*eMoro ycrpo^CTBa aha 
omreubi OFDM). 

^Mr. 4 vmnK)CTp(/ipyeT np^iwep peann3ai4nn 
3aEBnaeMoro crtocooa KorepeHTHOM" 
pa3HeceHHo^ nepeA^MM na yorpoftcrBax 
nepeAaK>meM m npnewHQ^ CToponbi (npMMep 
peann3ai4KH saflBrmeMoro ycipoftcraa ahh 
cMcreMbi CDMA). 

Ha cjsvir.5 noKa3aH 6jiok npeAbiCKa>KeHMa 
^HcfjopMai^MOHHoro curnana atih CMCTeMbi 
CDMA. 

Ha cfwr. 6, no3ML4Mf? "a", noxasaH cny^a^t, 
KorAa 3HaneH^R nepeAaiOHHbix c£yHKL^M" A^yx 
KananoB pasneceHMfi, cooTBeTciBy£>LAMe 
oAMHaKOBoti MacTOT©, pacnonoiceHbi a oahoA 
nonyrmocKocTM Ha nnocKoc™ ko m nxie kch oro 
nepeMeHHoro; noswL^wH "6" - cnynaft, kopab 
3MaH6HM^ nepeAaTOMHwx tpyuKniAtt AByx 
KananoB pa3HeceHttfl, cooTBeTCTsyioiAtfe 
OAnnaKOBoPI Hacrore, pacnono>KeHbi b paaHbix 
norsynnocKocTflx na rjiockoc™ KOMnneKCHoro 
nepeMeHHoro 

YcTpoMCTBa nepeAaiou^ePi m npMeMHOM" 
cTopoHbt ($Mr.3) coAepwaT: 

na nepeAawiAe^ cropoHe: M nacTOTHbix 
KananoB V^m. reneparop noAHecytAMX Hacror 
2, nepBbM 3 vi BTopoft 4 cyMwiaiopbi, 6jiok 
KOppeKL^nn 5, ABe nepeAaioiA^e anreHHbi 
6 1-62 ^ Ass npweMHbie aHieHHbi 7^72, nepaue 
bxoa^ HacroTHbJx KaHa/ioB 1i-1 M mr\n\OTQX 
HHapopwaL^noHHbJMH BXOAaM^ H o6pa3yioT 

BXOAbl yCTpoflCTBa, BTOpbie W1X BXOAbl 

coeA^neHbi c cooiaeTCTByio^M^i mm BbixoAawn 
reHeparopa noAHecyiMux nacror 2, nepBbie 
sbJXOAbi MacroTHbix KanajioB ii-1 M coeAnneHbi c 

COOTBeTCTByKJLi^^MW MM nepsbiMM BXOAaMM 

nepeoro 3 cywMaTopa, Biopbie BbixoAbi 
nacTOTHbix KananoB coeA^ineHbi c 

COOTBeTCTByKDLA^IMil HM BTOpblMH BXOA3MH 

BToporo cyMMaiopa 4 S BbixoAbi nepBoro 3 n 
Btoporo 4 cyMMaropos coeA^HeHbi 
cooTBeTCTseHHo c nepsoPi 6-1 n BiopoiJi 
6 2 nepeAaHDiAUM^ aHTeHHaMH, nepBa?i 7 -| m 
BTopaa 7 2 npneMHbie aHTQHHbi coeA^neHbi 

COOTBeTCTBGHHO C nepBbIM Vi BTOpblM BXOAaM^ 
6flOKa KOppeKLi^SM 5 t BblXOAbl KOTOporo 

coeA^HeHbi c TpeTbMMn BXOAawn M MacTOTHbix 
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KaHajioa h-1 M ; Ka^bitf MacxoTHUM KaHan 
coAep>Ki4T nepBbifl 8, BTopofi 9 m TpeTHtf 10 
nep©MHo>KMTenn 1 nepsbie sxoAbi nepBoro 8 w 
BToporo 9 nepeMHO>Ki4Tene« o6-beAHHeHbi, 
o6pa3y?i nepBbiPi bxoa nacTOTHoro Kana/ia, 
Biopbie BXOAbl nepsoro 8 n BToporo 9 
nepeMHOK^ETene^ ofrbeAWHeHbi, c6pa3ya BTopoCi 
bxoa MactoTHoro mHana, BbixoA nepsoro 8 
nepeMHO^reiifi oSpaayeT nepsuPi BbixoA 
^acroTHoro KaHana, BbDCOA BToporo 
nep©MH0>KHTeji3 9 coeA^HeH c nepBbiw bxoaom 
rpeTbero nepeMHOJKMTejiR 10, BTopoPi bxoa 
KOToporo oSpaayeT Tpe™£i bxoa HacroTHoro 
Kanana h bmxoa TpeTbero nepeMHO^renfl 10 
fiBJiHeTCP BTopbiM BbixoAOM MacTOTHOfo KaHana; 
Ha np^ewiHo^ cropoHe: npneiviHy>o anreHHy 

11, AeMOAyii^TOp 12, 6hok oL^eHKt^ 13 3 6jiok 
o6paTHO!4 CB^an 14 v\ nepe^K)LAyio aweHHy 15 T 
npnewna^ anreHHa 1 1 coeA^HOHa c nepBbiM 
bxoaom AQMOAynflTopa 12 v\ bxoaom 6/iOKa 
ot^eRKU 13, nepsbii?! BbixoA 6noKa oL^eHKH 13 

C06AHH6H CO BTOpblM BXOAOM A^MOAyXl^TOpa 

1 2 , BbtxoA KOToporo a an aercsi bwxoaom 
ycrpoCicTBa, BTOpoi^ BbixoA 6noKa oqeHKi^ 13 

COOAMHeH CO BXOAOM 6750K3 oSpaTHOfl CB513M 14, 

BbixoA Koroporo coeAWHen c nepeAa^eW 

aHTSHHOM 15. 

YcTpoPicTBa nepeAahoiAew n npneMHOi^ 
CTopoHbi (4>nr,4) c»Aep>KaT: 

na nepeAaic^e^ cxopOHe: K Berse^ 
paaneceHHO^ nepeAaHM cuma/ia K 
nonb30BaienePi 1 5 1 ~1 S Kl Ka>KA33 BOTBb 
pa3HeceHHOM nepeAaMH cumana nonb30Barejna 
coAep>K^ t N 6noKOB npeAbiCKa>KeHH a 
HHcjDopMai4MOHHoro cumana 1 6-j-l 6 K> 
reHeparop ni^noT-curHanoB 17, N 
cyMMaTOpos 3^3^ 6hok KoppeKi^kin 5, N 
nepeAaK>tL\MX aHreHH 6i-6n h N np^eMHbix 
aHT©HH 7 r 7M, nepBbie sxoAbi BeiBePi 
paaneceHHO^ nepeAann cwmana 

nonb30BareriePi 15-1-1 5 K aanpitoTca 

HHCfjOpMai^^OHHblMH BXOAaMU \A oopasyHJT 

exoAbi ycrpo^cTBa, Btopbse wx exoAbi 

COeA^HeHbJ C COOTBeTCTByJOli^WMH MM BbfXOAaMM 

6noKa KoppeKL^wn 5, BbixoAbi BeraePI 
pa3HeceHHOt?i nepeAanM cuma/ia 

nonb30BaTenePi 15 r 15 K coeAwneHbi c 

COOTBeTCTByKDlAHMM MM HepBbiMM BXOAaMM N 

cyMMaTopoB 3 r 3 Nt Biopbie BxoAbi cyiwiwaropoB 

3i-3 N COSAMHeHbt C COOTBBTCTByiOlMMMM MM 

BbixoAaMM reHeparopa nunoT-cMrHajioa 17, 
BbixoA Ka>«Aoro cyMMaiopa 3 1 -3^ coeA^Hen co 
bxoaom cooTBeTGTBy>ou4eM eMy nepeAaiontePi 
aHteHHbi 6 r 6jsi, npi^eMHbie aHTeHHbi 
7 1-7^ coeA^HeHbi co bxcasm^ 6/iOKa KOppeKi^MM 
5, 

npMMeM nepebie BXOAbl ©jiokob 
np©A^c«aa<eH«n MHcj^opMai^MOHHoro CMmana 
16 1-16^ b Ka>KAoi^ aeTBM pa3HeceHHO$ 
nepeAa^M cMrnajia nonbsoBarena o6"beAMHGHbi s 
oSpaayfl nepBbie ax da ^to\a BeiBM, aiopbie 
sxoAbi 6noKOB npeAbicKa>t<eHMfl 
MHcpopMaq^OHHoro CMrnana 16r16 N o6pa3yioT 

BTOpbiG BXOAbl B Ka>KAO^ BeTBM, a BblXOAbl 

6jiokos npeA^cKa>KeHMfl MHc|3opMai4iioHHoro 
cMmana 1 6^-1 Sfg flBJitfKyrcs BbixoAaMM 

CO OT B8TCT By tO 1A M X BGTBe^ pa3HeceHHOM 

nepeAanw curnana nonb30BaTerifl, 

na npneMHOM cTopone: npMeMHyio aKTeHHy 
11, ASMOAy^sRTop 12 T 6noK oqeHK^ 13, 6/iok 
o6paTHo£^ cbh3m 14 m nepeAaiOLAyio anieHHy 15, 
npweMHaa anreHHa 11 coeA^Hena c nepBbiM 
bxoaom AeMOAyn^TOpa 12 vf bxoaom 6noKa 
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ou,eHKH 13, nepBbitf BbixoA onoKa oi^ehsKM 13 
coqA^hsh co BTopbiM bxoaom AeMOAynsnopa 

12, BblXOA KOTOporO EBnaeTCfl BbiXDAOM 

ycnpoPicTBa, BTopotf BbtxoA onoKa oubhkw 13 
coeAMHen co bxoaom onoKa oGpaTHOtf CBflan 14, 
bnxoa KOioporo coeAHHeH c nepeAa^^ei^ 

aHTSHHOH 15. 

Ha apnr.5 npneeAeH opvtMep BbinonHeHW* 
6noKa npeAMCKaxeHMf! ^HcftopMai^oHHoro 
cwrHana 16, KOTopuPi coAep>KHT M cfwnbTpoa 
18 i-18 Mp M nepe^Ho>K^Tene^ 19^19,^ \a 
cyMMaTop 20, npmew bxoaw M cfMHbTpOB 
o6"beAHHeHW 1B-t-18 M , o6pa3yn bxoa 6noKa 
npeAbicKa>KeHViPi nHc^opMai^MOHHoro cumana 16, 
BbixoA Ka^oro c^nxibipa 18i-18 M coeAWHeH c 
nepebiM bxoaom coorsoTCTByioiMero eMy 
nepeiuHa>KHTena 19 1 -1 9 Ml Ha Biopbie sxoAbi 
nepeMHO>KuiTeiiGPi 19-j-IQm nocTynasoT 3H3MeHMR 
nepeAaroHHoft tfcyHKU^n 6noKa npeAbicKaweH^a 
wHC^opMaqviOHHoro cwmana, cooTBeTCTBytoLAne 
[4eHTpanbHbiM MacroraM cfcwibTpos, BbixoAbi M 
nepeMHowvrrenefi 19-|-19 M coeAUHBHbi c 
cooTBercTBytoii^Mi/i mm BxoAaMU cyMMaTopa 20, 
BbixoA KOioporo mmejcn sbixoAOM 6noKa 
npeAbicKaxeHMfi nHcf>opMatinoHHoro cysmana 16. 

PaccMcrrpuM npMwepb? peariH3ai4MM 
3a?iBriyieMoro HsoopereHUfl b cncieMax caaan, 
^cnojib3yjoiJ4nx OFDM [6, Richard van Nee, 
Ramjee Prasad. OFDM for wireless Multimedia 
Communications] npviHL^n paaAeneHMfi KaHanoB 
it a CMCTewax CDMA, 

B Hasans paccMOTpww npuiMeHeH^e 
3afiBneHHoro H3o6pereHHR b CHCTeMax c OFDM. 
CucreMe paAnocB33K MHOKecTBeNHoro AOCTyna, 
BKmoMatoLAeR no KpatfHetf Mepe OAny EC m oa^ih 
a6oHeHTCKH^ TepMMHan (AT), BbSAeneHa nonoca 
nacTOT uj^pirtHOM F. BbiAeneHHyK) nonocy MacTOT 
pa36waa}OT Ha M nacTOTH^x nonoc TaK, K3K, 

Hanpuwep, noKaaano na (pwr.l , rAe f-j, f2 fw - 

L^eHTpajibHbie nacTOTbi MacroiHbtx nonoc. KaK 
bmAho m cfcnr.l , nacTOTHbie nonocbi 
nepeceKaKyrca hto ocecneHnaaeT 
30>cjDeKTHBHoe ncnojib3oaaHwe BbiAeneHHotf 
nonocbi nacTOT. 

Ha BC a>opwnpyeTCfi noTOK 

HHC^OpMaUHOHHblX CHMBOJ108, KOTOpbJM 

Tpe6yeTC« nepeAaTb aSoneHTCK^iM TepMUHanaw. 

flpH 3TOM rM60 BeCb MHqtopMaL^HOHHbltf nOTOK 

mo>K8T nepeAaBaTbCR Ka>KApM aooHeHTCKofi 
CTaHi^nM, nnoo pa3nnHHbie Hacin noTOKa Moryr 
nepeAaBaTbca paanj/NHbiw a6oHSHTCKHM 
repMUHanaM. nepeAaaaeMbie CMwaonbi b 
oGLAew cny^ae nm$UGTcn KOMnneKCRbiwn f hto 
cooTBeTCTByer KeaApaTyphbiM bha^m 

B T8M6Hne A^^TenbHocTM OAHoro cuMBona T 
nepea M nacTOTHbix nonoc oAHoapeMenHo 
bAQjKBT nepeAaBaibCP M cwmbojiob (nacTOTHbie 
KaRanbi ^ r 1 M Ha <pv\r.3). flnnTenbHOCTb cuMBona 
M ujkipMHa nacroTHO^ nonocbi j2pn>Kh\b\ 
yAOBJieiBop^Tb ycnOB^fo 

TAG jfj = fi^-fj; *=1, 2, 3, ..,M-1; k e Z. 

B 3tom cnynae np^i np^eye cmmbojiob 6yAyT 

OT Cy TCT BOB ST b B3ai4MHbl6 HOMeXtf MO?KAy HUMM. 

flnfi opraH^3aL\nn pa3Hecennfl b npawow 
KanaJie Ha nepeAa^tMetf dopoHe o>opMnpyeicn 
N Kananoa paaneceHM*. KaHaribi pasHeceH^a 
woryT t HanpuMep, 6biib cqbopM^poBaHbi 
nocpeACTBOM opraHH3ai^un nepeAaMn cwrHana 
nepes N paaneceHMbix nepeAaio^x aniens 
flpl^ 3TOM mo>*cho ncnoiibSOBarb 
n pocTpaHCTBe hho paaHeceHHbie aHTeHHbi v\nv\ 
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aHTeHHbi c pa3HoPi nonflpM3ai4MeM. np^Mepa 
noJ^o>Kw^A N^=2. B 3aflBrifteM0M n3o6peieHw« 
ocyu^ecTBJifleTcw KorepenTHafi nepeAana 
vtHcfjopMau.^OHHoro curnana 4epea N Kananoa 
pa3HeceHwa (6 r6 2 Ha cpnr.3). fi/ia 
ocyu^ecTBrseHMfi KorepeHTHofi nepeflann Ha 
nepeAaiomei* cropoHe Tpe^yercfi 3Hatb 
nepeAaioHHbie c^yHKL\nti KanariOB pa3HeceHHfl. 
B cuciewax caa3M c MacioiHbiM AynneKCOM 
oueHKa yKaaaMMbix nepemrowux. (pyHKum 

803MO>KHa TOilbKO H3 HpUGMHO^ CT0pOH6. B 

aaflsnfleMOM n306pereHMw 3Ta oi^eHKa 
cjDOpwupyeTC^ na npneiwHOM cTopone (na 
a6oHeHTCKOM TepwwHane) c ncnonb30BaHweM 
opToroHaribHbix n^JiOT-cwrHanoB, 
nepefiaaaeMbix Mepe3 pa3fi^MHbie Kanajibi 
pasHeceHM^i, \a 3aTeM nepeAaerc^ na 
nepeAarou^yto cxopony (BC). 

Ha nepeAaiouLsePi cTopone ocytAecTB/ifleTCfl 
npeAbiCKa>KeHne ^HcjDopMai^^oHHoro cumajia 
nocpeACTBOM c£a3OB0tf mnw 

aMnnnTyAHO-c^asoBOS^ koppgkl^mh 
MH0opwaquioHHoro curnana s nacroTHbix 
Kananax 1 1-1^ b oahom M3 Kanaiioa paaHeceH^fl 
(HanpuMep, bo btopom) raKUM o^paaoM, Hio6bi 
MaKCHM^3npoaarb OTHoiueHne CHrHaji-rroMexa 
na np^eMHoS cropoHe, 

B paccMaTpi^BaeMou npwwepe peanw3ai^^n 
H3o6peTeHVtfl nunoT-curHanbi peanw3ytoTC^ 
nocpeACTBOM nepeflani^ nunoT-ctfMBOJiOB b 
nacTM HacroTHbix nonoc. flpuneivs nonoBMHa 
n^iJiOT-cMMBonos nepeAaercyi nepe3 nepBbift 
Kanan pa3HeceHvis, a Btopa^ nonoa^Ha - nepea 
BTopoft KaHars pa3Hecenvifl. 

Ha npneMHO^ ciopoHe HenocpeACiseHHa^ 
oi^eHica nepeAaroMHbix dpfumpw KaHanos 
pa3HeceHMjR M0>Ker 6birb ocyiAecTBneHa roribKO 
b Tex HacroTHbix nonocax, no KoropbtM 
nepeAatoTCA nwrtoT-cuMBonbi cooTseTCTByhoiAUX 
KananoB pasneceHMfl. OueHKa uenn kom 
nepeAaroMHbix o>yHKL4i4Pi o&onx KanariOB 
pasneceH^p Mo^ceT 6bJTb no/iyneHa 
nocpeACTBOM ^HTepnon^qnn yKasaHHbix npfiMbix 
OMeHOK, nanpuMep, c noMOLi^bK) weTOAa 
rayccoBCKofi ^HTepnonRU^n, npuMep 
ncnonb30BaHHH Koroporo npnaeAen b [7, S. 
Sampei and T, Sunaga, "Rayleigh fading 
compensation for QAM in land mobile radio 
communications, " IEEE Trans. Veh. TechnoL, 
vol. 42, pp, 137-146, May 1993] . B 3iow 

CB£3^ ni4nOT-CVIM80Jlbl AOH>KHbl GblTb 

paBHOMepno pacnpeAeneHb! b BbiAeneHHoPi 
nonoce nacroT c MHTepBanoM , KoropbsPi 
no3Bonf*eT ocyuiecTBjifiTb viHTepnonflqu^o 
npflwbjx oqenoK Ha npnewHoPi cropone. ripiiMep 
pacnpeAeneHUR tfHcfropMau^oHHbix \a 
nunoT-cHMBonoB no HaciOTHbiw Kanajiaw 
noKasan na 4?wr.2. 

PaccMOipwM npHMep o6pa6oTKi4 

nepeAaHHoro cuma/ia na npueMHofl CTopone 
(0Mr.3), 

HasoBeM rpynnoBbiw cuMaonoM M 
CMMBonoB, KOTopbie oAHoapeMSHHO nepeAatOTcn 
nepea M mbctothwx nonoc, y\ o6o3HaH^M ero a. 
Hacrb c^msojiob rpynnoaoro cuMBona fiBnaioTcyi 
nHcj^opMai^noHHbiMki c!4MBonaMn, ocraribHbie 
cuMBOJibi RBJ13HDTC5? nMnoT-cM waonaMn nepBoro 
m Bioporo KaHanoB pa3HeceHMfl. 
i/lHcjuopMannoHHypo m nunoTHbie nacTW 
rpynnoBoro cum Bona oSoananuM KaK a dl 
a pi n 3p 2 cooTBeTctaeHHo (a d , a p i, a P 2sa). 

fiocne npeo6pa3osaH^R BxoAHoro CMmana 
na HH3Kyio nacTOTy bxoaho^ KeaApaTypHbift 
(KOMn/ieKCHbit^) cwman na ^HTepaane 
ATitfTenbHOCTH OAHoro rpynnoBoro cuMBona 
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i=± 

fas Aj, (p t - aMnjwyAa M c^aaa cwmana b 
i-om MacTOTHoR nonoce; • _ nowexa, 

n(t) - 

Hanpuwiep, apfiyijvimteti 6enbi& rayccoBCKni?i 
myM c AByciopoHHePi cneKTpanbHG^ 
RTlOTHOCTbK) moiahocth N 0 /2; * _ CMMBOn, 

i 

nepe^aBaewbiw b i-oii HacTOTHoft nonoce. 

Ha npneMHoia cTOpone ocymecTB-nfleTCfl 
paaAeneH^e bxoahofo curHana Ha cwmanbi 
paannHHbix nacTOTHbix nonoc B pe3ynbrare 
c^opMnpyeTca M peiuajoLi^nx 



Ka>KH357 143 KOTOpblX COA8p>KklT 



HHC|X3pMai4tf!0 TOJlbKO 06 OAHOM CMMBOne 

(KOiopb^ nepeAasancFi a cooTBexcTByrotAetf 
nacTOTHOM nonoce) 

14 « -fx<0* rtt as A it * +n , i = J-,M. (3) 

x t± JL j. * 

0 

BnyTpaHHSfi cTpynrypa peyjaKDU4nx BennHviH, 
cooTBeTCTBytoiAnx nepeAaHHbtM 
MHt^opMai^HoHHbiM c^MBonaw, HMeeT bma 



r^e An, (p 1s - aMnnwryAs m 0a3a cwmana, 
npniueALLiero b Tonicy npneivia ^epe3 nepabift 
KaHars pa3HeceH^« (ot nepeo^ nepeAaHDU^ 
aHieHHw), b i-otf HacToiHo^ nonoce; A^, <p 2 i ' 
aMnn^TyAa w t£a3a cwmana, npnyjeAUiero B 
TO^Ky npneiwa nepe3 Bropotf KaHan pasHecenvifl 
(or BTopofi nepeAaiotAe^i anreNHbi), b i-otf 



MacTOTHoPi nonoce; 



KOMnneKCHbii?! 
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cwnanoB b MacroTHbix nojiocax A-fj, <p Vi n 

Ha nepeAa^i^yfo cTopony no oSpaTHOMy 
Kanany n&pa&a\GTcn 3HaneHi/m KoscjDcjDML^eHTOB, 
ncnofib3yewibix a^a KoppeKi^nn c^aabi ^\ W 
aMnriMiyAbi a A; HH<£opMai4HOHHoro cumana 
(npeAbiCKa>Kei-iMq wHcjxtpMai^oHHoro cwrHana) b 
pa3fiMMHbix nacTOTHbix nonocax bo BTopoii 
aHTeHHe (cm, 0^i\2). 8 o6"u48M cny^aa 3th 

KOSCj^C^Hl^HeHTbl paBHbl 



J<P. 



zi 



6a 



Aa 



TaKviM o6pa30M, i^erib c^aaosofl KoppeKt4HH 
^tH0opMau^oHHoro c^mana, nepeAasaeMoro 
nepea eropyfo am-eHHy, 3ai<JiK)HaeTC3 b 
o6ecneM9Hnn KorepeHinoro cyMiwpoBaHua 
MHcfcopwaMnoHHoro cuma/ia^ npwueAUjero no 
AByM KananaM pa3HeceH^, b tomks npnewia, 
AwnjiMTyANafl Koppeia^E o6ecneHWBaer 
nepeAany Sonbiueii MacTM anepn/w 
HHcjDopMau^MOHHoro c^rHana no Kanaisy 
paanecewufi c MeHbsuuM saTyxaH^eiw cwmana n 
MeHbtue^ nacTH no Kanajsy pa3HeceHM^ c 
6onbiUMM aaiyxaHHGM c^mana. B pe3ynb?aTe 
yKa33HHow aMnnnryAHo-c^aaoeoPi Koppeia^w 
MaKcwMM3npyeTCPi oiHOiueHMe curHan-ujyM Ha 
bxoa© npnewHUKa. 

3aMGT^M, hto ho o6R3aTenbHO oepeAasaxb 
SHaneHkie KoppeKTwpyioiAero K034)c|3^ij\weHTa 
Ann Kax<AO^ HacjoiHoPi nonocbi. 3to 3H8M6HH8 
MO>Ker 6btTb nepeAano TortbKO Ana Mad^ 
nacTOTHbix nonoc , a KoppeKin py KDLAVie 
KoscjD^M^eHTbi Ann ocraribHbix nacTOiHbix 
nonoc Moryr 6birb nonyMeHbi nocpeAGTBOM 
HHTepnonfli^wn MMGfciAUXCfi KO^^wm^eHToa. 

Ol^eHK^ HH^OpMai^MOHHblX CWMBOnOB na 

npneMHoi?i cropone 4)opMHpyK>rcs b 

COOT B 9TQT O 8b^pa?iCSH^eM 
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BecoBoPi KOS<pdptfi\mHT > KoppeKT^pyhOLAW^ c£a3y 
n aMnnnryAy cnrHana t nepeAasaeMoro nepe3 
BTopyio anreHHy, b i-oPi HacTOTHO^i nonoce; 

BHyrpeHH^R crpyKTypa peiiiaiotA^x BennqktH, 
CQOTBeTCTsyioiAMX nepeAaHMbiM 
nunoT-cMMBonaM nepaoro KaHan a pasHeceHMp, 



Li • * 



a Ea 



<6> 



i ii i i i pi 

BHyTpeHHHH cTpyKrypa peujawiAMX sen^MkiH, 
cooTBercTByjoLt^x nunoT-ctiMBonaM sxoporo 
KaHana pa3HeceHWR a nweeT bha 
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Zi • * 
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Ha npuewHoft cropone ocyLAecrBn^eTCfi 
oqeHKa nepeAaTOHHbix cfiyHKL^ nepBoro n 
BToporo KaHanos pa3HeceH^. £\nR aroro 
CHanana cjDopMnpyjorcyi npflfoibie oi^ohkh 
nepeAaTOHHbix a>yHKu 1 MM b rex ^acTOTHbix 
nonocax, no KOTopyw nepeflaeanncb 
nunor-CHMBOJibi cooTBeTCTBytoii^^x Kananos 
pasHeceHi^R (BbtpaKeH^s (5) w (6)). 3areM 
nocpeACTBOM wHT8pnonHi4>in nonyMeHHbix 
np^Mbix oi^enoK <£opMnpyeTCfl oL^eHKa BcePi 
nepeAaroMHot^ cf>yHKL4i4n Ka*<AOfo KaHana 
pa3HeceHHfi, 8 pesyribTaTe aMnjwyAbi v\ cf>aabi 
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ta8 Rc*> - peLuafOii|ee npasnno, b 
cooTBaToiB^ki c KOTopbiw no peiiiatoiAes?i 
crarncrnKe (apn/MeHTy) BbiHocnTcs penjeHMe b 
nontay roro nnn ^inoro nepeAaHHoro c^MBona, 
npnnaAne>KaiAero an0aB^ry cumbohob q Ha 
nepeAawiAei^ CTopone (Hanpuwep, ah^ 
ABOvihho^ cj3a30B0^ MaHnnynf^nM 
aHann3npyerc?i ronbKO 3HaK peiuaioLneM 

CTSTVlCTWm}. 

PaccwoTpuM Apyrow npuwep pean^3ai4nn 
3aaBnfieMoro n3o6peTennR np^weHHrenbHO k 
cucreivtaM csE3H c KOAOBbiM pa3AeneHweM 
KananoB (CDMA). CooiBBTCiByioLi^afl 
CTpyKTypna^ cxewa 3a^BJifleMoro ^3o6peTeHMfi 
noK33ana na dpwrA. B cucreMax CDMA see 
nonb3oaaTenw oAHoepeMeHHO ncnonb3yioT OAHy 
n ry ?ks nojiocy HacroT a^^ nepeAann 
i4Hc(>opMaLj(Mki. Pa3AeneHne c^manoB 
nonb30B3Tene^ na npneMHo^ ciopOH8 
ocyiAecTBnfieTCjR 3a CMer roro, hto yKa3aHHbie 
cumanbi npeAcraen^i hdt oo6oPi 
<£a3aMaHnnyntfpoBaHHbie KOAOBbie 
nocneAOBaTenbHocTM j MMeNDa^ne HJ43KyK> 
ssatfMHyso Koppsnfli^MK). B KaMecrae npweMHMKa 
tfcnonbayeTCE Koppen^rop, BbJMUcnajoiAn^ 
KoppenRq^K) BxoAHoro cwrnana, a kotopom 
npucyTcrsyK)? cwrHanbr Bcex OAHOspeweHHO 



-7- 



33 
to 

O 

to 
O 



paSoTaioLi^HX nonbaoBaTene^, \a ci/tmana 
nonb30BaTGJiR, 8 pe3ynbTaie cwmari 
npuHnwiaeMoro noxib30Baienfl ycvmmaerca 
KoppenflTopoM b SHaHHTenbHO canbiueM 
CTenenw, newi curnaxibi ocraribHbix 
nojibaoBarejiefL PlpflMO^ Kanan cs^creM CDMA 

flBjlfceTCfl CUHXpOHHbiM (H3ManO KOAOBblX 

nocne^oBaTenbHOcre^ ecex nonb30Barenetf 
BblpOBHeHO), hto no3BormeT wcnorib308aTb aha 
pazReneHm fiojibsoBaiejieM op-roroHanbHbie 
koaob bie nocneAOBaien bHoci v\ t 
npovi3BeAeHHb!e, nanpuMep, m aHcaM&nfl 
opxoroHajibHbix koaos yonuja. 

MacTb cumajiOB, nepeAasaewbix no 
np^MOMy KaHany, ^bhtwoto^ cny>Ke6HbJMki ^ 
othocfitch ko sceM nonb30sareji«M. fipMMepOM 
cny>Ke6Horo cMmana flBJiRexcH rmnor-ci/imari, 
KOTopbifi ncnonbsyeTcs, b HacTHocTM, Ann 
ou^eHKV^ napaMBTpoB (qacroTbi, BpeweHHoro 
nonoweHUH, KOMnneKcnofi oru6aEomeft) 
npuHMMaeworo curHana. 

B aaHBJiseMOM M3o6peTeHwu nepeAa^a 
cumana Ka>KAoro nonbaoBarejifi npo^aaoAwrca 
OAHOBpeweHHO nepe3 N KananoB pa3HeceHHfl, 
HanpviMep, nepes N paanecenHbix nepeAaioLi^x 
aHteHH (6?-6n)- nooiowiy mnm 
whc|3opMaL^oHHoro c^majia pacnpocTpaHBKyrcfl 
nepe3 N pa3J!HHHb*x KananoB paaHeceHW^ 
npe>KA^ hsm np^ATH s TonKy np^eMa n 
oGpaaoBaib cyMwapHbiPi wncfiopMau.HOHHb^ 
cMmaji. An^ roro mo6bi o6ecnent>iTb Ha bxoao 
npnewHUKa 6nit3Koe k onr^MarsbHOMy cno>KeHne 
Konntf HHcpopMai^MOHHoro cvimana, npoiueAUJMx 
no pasnuMv-ibiM KaHanaM paaHeceHWfi, Ha 
nepeAaJOLi^e^ depone rpedyerc?! MMeib ou,eHKtf 
yKa3aHHbix KaHanoB pa3HeceHM^. B 3a#BmieM0M 
naoSpereH^in arn oqeHKM c£opjv!HpysoTCR na 
np^ewHoPi cTopone h 3areM nepeAaiOTCFi na 
nepeAaioinyfo ciopony. Ana roro HTOObi 
rps6yeMbie ol^bhkh Mornn Sbitb ccfropMUpoaaHbi 
na npirfeMHort CTopone Mepea KaxA^Pi Kanan 
pa3HeceHMH AO/i>KeH nepeAasarbCR 
opToroHanbHb^ rmnoT-curHan, 

TaKUM oopasow, b 3aflBmeMOM 
U3a6peTeH^w na nepeAatoiAei/i cropone 
cfropiunpyiorca N oproroHanbHbix 
nanoT-cMmanoB (a DJioKe M) coot s eicx bb h ho 
Hi^cny KanajnoB pa3HeceHKH. flrm aioro b 
cucTGMe CDMA ^3 aHcaM6na KOAO&biX 
nocneAQBSTeribHOCTe^, Ha3HanaeMbix 
paarinHHbiM KanajiaM nepem^ aojdkho 6biib 
BbiA&neno N koaob bix nocneAOBaTenbHocTew 
hoa nunoT-cumaribi N Kanakas pasHeceHna, 
KoriMHecTBo opToroHajibhux kqaobnx 
nocneAOBaTenbHOCTe^ saAaHHoi^ AnviHbi Q Ha 
BC orpaHnneHo. 06bWHO, MO>Ker 6bfTb 
cc})opMMpoBaHO rortbKO Q oproroHanbHbix 
KOAOBbix nocjieAOBaTsjibHocre^ A^^Hbi Q. 
£\riHHa KOAOBO& nooneAOBaTeribMocTM 8/inpeT na 
GKopocTb nepeAann nHE$>opMaqnM c 
ncnonb30BaHi4eM sroft noaneAOBaiwibHoc™, B 
o6u\eM cnyHae, MeM Kopone K0A°B3fl 
nocrieAosarenbHOCTb, reM c oojibujei* 

GKOpOCTbK) MO>KeT nepeAasaTbCR MHCf)OpMai^M^ n 

nao6opoi. floaroMy na BC KopoTKne 
opioroHajibHbie nocneAOBaTenbHocTH mrmioTcn 

Ae4>HL4^THblMH no CpaBHeHHK) 0 A^^HHbfMH. 

MTo6bi He cnn>KaTb ckopocth nepeAa^n AanHbix 
B npflMowi KaHane b KanecTBe nnjior-cvtrHanoB, 
mo>kho Mcnonb3oaarb AnnHHbie KOAOBbie 
nocneAOBaTejibHOCTH. EAUHOTeeHHbiM 
orpan^MeHneM Ha A^^iHy koaobo^ 
nocneAOBaieribHOCTH b AannoM onynae 
EBfifleTCE Tpe6osaH^e CTai^MOHapHocTM Kanana 
pacnpocTpaHeHMfl b TeneH^ie ^HiepBana 
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opjoroHanbHGCTn . 

B cnyMae, KorAa oproroHanbHbJX 
nocneAOBarexibHOCTePi HGAOciaTOH ho, Ann 
pacujnpeHM?i aHcawojin cHrnanoB Mor/T 
wcnojib30BaTbc« KB33ViopToroHanbHbje 
nocneAOBaTexibHOCTH, Kan 3to npeAyoMOTpeno b 
HeKOTopbix cospeMeHHbix cTaHAapTax CBR3H 
CDMA [6, 3GPP2 C. S0002-A Physical Layer 
Standard for cdma 2000 Spred Spectrum 
Systems, June, 2000J. KBa3fsopToroHajibHbEe 
nocneAOBaTenbHOCTtf MMehor HeHyneByjo, ho 
AocTaro^Ho HMSKyio BaanMHy^o KopperiFit4^K> m 
np\A 3tom oOnaAaHDT aHaM^re/ibHO 6onbiunM 
paaMepoM aHcaw6n?i I MeM oproroHanbHbie 
nocn eAOBaroji bnocT vi , 

flo nepeAaHHbiM nwnoT-c^rHajiaM Ha 

npweMHoi^ CTOpOHS C>QpM^pyHDTC?l OI4eHKM 

nepeAaroHHbix qbynK^Pi cooTBerciayioiAwx 
KananoB pa3HeceHMH (6noK oi^enKn 13). 
YKasaHHa^ ou,SHKa MO>tceT 6biTb ocyiAecTBneHa c 
ncnonb309aHnew naBecrnwx iweTOAoe. 
Hanp^Mep, mop/t 6biTb CHanana oqeHeHbi 
MMnyjibCHbie xapaKxep^CTHKH KaHanoa 
pa3HeceHMP [9, A. Hewitt, W. Lau, J. Austin, 
and Wilar, "An autoregressive approach to 
the identification of multipath ray 
parameters from field measurements, " fEEE 
Trans, on Comm., voi.37, pp. 1136-1143, Nov. 
1989], [10, J. Ehrenberg, T. Ewart, and R. 
Morris, "Signal processing techniques for 
resolving individual pulses in a multipath 
signal," J. Acoust. Soc. Amer,, vol. 63, pp, 
1861-1865 F Jum 1973], f11, Zoran kostic, M. 
Ibrahim Sezan, and Edward L. Titlebaum, 
"Estimation of the parameters of a multipath 
channel using set-theoritic decon volution," 
IEEE Trans, on Comm., vol. 40, No. 6, June 
1992], nepeAaTOHHbie cfryHKU^H 3aTew MoryT 
SbiTb nojiyneHbi n o c peACT bo m BbNHcneHm 
o6paiHoro npeoGpasoBaHwa ^ypbe ot ou^hok 
HMnynbCHbix xapai<Tepncri^K. 

Pe3ynbTaTW oueHKH nepeAaTOMHbix (pyHK^MW 
Kananos pa3HeceH>!K aaTCM nepeAasoTCfi Ha 
nepeAaioiAyio ciopoHy (6hok 14). 

PaccworpuM renepb npviMep roro, KaK 
nonyneHHaa HHapopMau,^?! wo>KeT 6bitb 
ncnortb30BaHa na nepeAatou^ePi CTopone aa^ 
yjiyHLuen^n Ka^ecTBa npnewa b np^MOM Kanane. 

Ha nepeAaiotAei/i crapoHe cjDOpMtipyfOT N 
onoKOB npeAbicKa>KeHidR nH4x>pMaL4^0HHoro 
cwmana (16 r 16 N ) cooTBeTCTBeHHO nucjiy 
sanartOB pa3wecennp!. B Ka>KAOM 6noKe 
npeAbicKaxenufi ^Hc^opMai^MOHHoro cusmana 
(16-t-16 N ) bhoc^tcr npeAbfCKa>KeHMfl b cneKTp 
MHC^opwai^^oHHoro CMrnana, nepeAaaaeiworo 
Mepea cooTBercTByiou^MPi KaHan pa3HeceHHfi 

TaKMM 06pa30M, MTOSbl N9aKCMMM3^pOBaTb 

Kanecr&o npneMa b npfiwoM Kanane. 

Ans noHMManufi xapaKiepa npeAbECKa^en^Pi, 
BHocwMbix a cneKTp ^HcpopMaLi^OHHoro ci^mana 
b Ka>KAOM 6noKe npeAbicKaxeHns 
HHqbopMai4^oHHoro cumajia, npoaHaiinanpyew 
crpyKTypy MHCpopivsai^MOHHoro cvimana na bxoas 
npneMHUKa CneKiparibHyto nnoTHocib (Cfl) 
3KBHBaneHTHoro B^ASOMacTOTHoro 
MHc()opMaL\vioHHoro cwrHana Ha nHiepsajie 
nepeAa 1 -!^ QAHoro unqbopwaAHOHHoro cuMBOJia 
[0;T] mo>kho npeAcrraBHTb b cneAyHDU^eM bha©: 

H 

X (f> ~ SCf> T G <£>T O) 
ct i i 

jL = iV 

ta© * c e > - Cfl MHcf>opMaL\MOHHoro cs^rHana 



o 

CD 



cn 



o 
O 



nepeAaBaeworo MHcf)opMai4noHHoro armaria; 
* t— : - nepeAaTOMHwe c£yHKL^iw 

X 

5J10KOS npeAbicKaxeHUfl ^H<£opMai4HOHHoro 
ctfmana; 

H . .2 

- cyMMapnaa 3HeprnR MHc|x>pMai4tfOHHoro 
cwmana nonbsoaarenn orpaHUMena neKOTopbiM 

3Ha<4SHHBM E 9 . 

flDCKOJIbKy MHC^OpMal^HOHHbl^ curnan 

npuH^wiaercfl Ha 4>one aAA^THBHOft nowextf 
(aAanTi^BHoro 6enoro rayccoBCKoro myMa c 
ABycropoHHe^ cneKrpajibHotf nnoTHOCTbKJ 

MOU^HOCTH N(>/2) ; MBKQV\WZai\VM KaMBCTBa 

npMeMa n6o6xoammo MaKCHMnanpoBaTb 
oTHoioeHne cwrnan-iuyM (OCLU) na Bbixoqe 
npneMHVuca. OnrnManbHbiw npneMHUKOM b 
AaHHOM cnynae nBnBeTcn comacoaaHHyPi 
cjWibrp [4], 

3ani/!iueM BbjpaxeHwe atih OCUJ Ha abixoAB 
c^M/ibTpa, cx^macoBaHHoro c curHanoiw (9) 



flsffi Yt (f>o cn iir 

in * * I j 



rAe aF - nonoca MacroT, 3aHWMaeMaa 

MHC|50pMaU 1 MOHHblM CUfHaflOM. 

BbipajKOH^e (10) npeo6pa3yeTCfl k BiiAy 



H 

I 

i=l 



N 



ComacHO nepaBencTBy LUBapi^a 



J 1 2 



waKcviMyw (11) oGecneHyiBaercfl rorAa, 
KorAa 



r.<f> = ag tf >, 



<13> 



me A - nocroflHHoe Hucno. 

Yc/iOBue (13) onpeAanser nepeA^To^Hbie 
t^yHKM^M 5hokob npeAbtcKa>KeHM5i 
nH45opwai4MOHHoro cwmana. 0M3MMecKnft cwbicn 
(13) aawuoMaeTCfl b cne&y\omew. 
<3>a30HacTOiHbie xapaKTepucTHKH ($MX) 
nepeAaioMHbix c^yHKL^ft 6jickob 

npeAbicKaxeHM^ nHCjDOpMa^MOHHoro ctfmana 
o6ecneM^BajoT KorepeHTHoe cno>KBHne 
cneKipajibHbix nnoTHocreiTi ^H0opMat^noHHoro 
cumana, nepeA3HHoro nepe3 pa3fiMHHbie 
Kananb! pa3HeceHH3, na sxoAe npvteMHUKa. 
AMnnnTyAHO-HacioTHbie xapaKTepucr^Kki (A MX) 
6jiokob npeAbicxa>KeHHfi nHc^opMai^^OHHoro 
curnajia oSecneHKBasor visnyMeHne 6ojibUie$ 
Mac™ 3Heprutf KHc|)opMai^oHHora cwrnana Ha 
Tex nacTOTax ero cneKTpa, tas Koac^cj^t^i^neHT 
nepepfrm KaHana pacnpocTpaHennfl 6onbiue ( v\ 
MeHbLuew Mac™ SHepruM c^mana - TaM, tao 
KO30cpnt4MeHT nepeAa^n KaHana 

pacnpocrpaHeNHfi weHbiue. 3tmm 
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o&ecne^maercK onrMManbhoe ^cno/ibaoBaH^e 
3Heprnt4 nepeAaeaeMoro i^HC|>opMaM^OHHoro 
curHana. 

TamtA o5pa30M f GHeprvtfl Ka>KAoro 
nepeAaaaeMoro HH4>opMaL4HOHHQro CMMBOiia 
E a AOJi>tcHa 6biTb pacnpeAenena no creeicrpaM 
Konni?i MHcjDOpMai^woHHoro ovirHana ! 

nepeaaBaeMbiM nepes pasnnnnbie Kanaribs 
paaHeceHMfl, nponopi^noHanbHO AMX 

CODTB0TCTByK)LM^X ^JIOKOB npeAb)CK3>KeH^ 

MHcj^opMamwoHHoro curnana. 

npw peann3ai4i4M sa^snjieMoro cnoco6a 
KorepeHTHOw pa3HeceHHoi?i nepeflan^ Ba>Kwo 

Ha&TW KOMnpOMMCC M8>K0y 06^8MOM 

nepeA3BaeMoi?i c np^ewiHoft na nepeAaK>iAy)o 

CTOpOHy KOHTpOHbHOPi «HC}DOpMai4HM ki 

noMexoycTO^HUBOCTbJo pa3HeceHHQM nepeflann. 
3tot KownpoMUCC o^ycnoBneH tsm, hto, c 
oahoP^ CTopoHbi, new 6onee noriHaa 
HH0opMai4Hf? o nepeAaioMHbix c£yHKL^x 
KaHanoB pasneceHMFi AocrynHa na nepeAaromeft 
CTOpoHe, Tew Bbiiue noMexoycTo^H^BOCTb 
3aflB/ieHHoro cnoco6a KorepeHTHoPi 
pa3HeceH^aft nepeflam^. C Apyroi* ciopOHbi, 
nepeAana Sojibiuoro o6-beMa KOHipojibHoPI 
MHC^opMauMH GHH>KaeT nponycKHyto 

cnoco6HOCib o6paTHoro KaHana. TaKMiM 

05pa30M, Ba>KHO MMHHVIW3MPOBaTb o6"beM 

nepeAasaeMoi4 KOHTpo/ibHO^ MH0opwai4^n npi^ 
coxpaHBHW^ BbicoKoro KanecTBa pa3HeceRHOtf 
nepeAann CMrnana. 

B OTOih CBH3H B03MO>KHbl paSJlMHHblB 

MaciHbie rexHi^MecKMe petueHna a paMKax 
saftsneHHoro o&u\evo cnocofta KorepeHiHo^ 
pa3HeceHHOW nepeAaMM. 

An« yMeHbtoeHMfl oS-bewa nepeAasaeMOM 
HHc|)opMaqnM mo>kho McnojibsoBaib cnepyiouiviti 
noAXOA^ OcyLAecTBJiRerca ^OKpermai^m 
nepeAaTOHHbix cjDyHKL^nM, a pesyribtaTe KOiopoPi 
nepeAaTOHHaa c^yHKMna Kaworo KaHana 
paaHeceHW^ 3aMeHflerc?t sKBUBaneHTHbiM 
BeKTopoM orcHeTOB nepeflaroMHoPt c^yHKi^Mn, 
B3ajbtwn c onpeAeneHHbiM MHrepBanoM 



i i l 2; i. h 

r^e gj - BeKTop otchqtob nepeAaioHHow 



(4jyHKi4^n i-ro KaHana pa3HeceHi*H; 



G CF> 



nepeAaroHHa^ c{>yHKt^ktP{ hro Kanana 
pa3HeceHMFi; f k - 3HaHeHi/ie HacroTbi, npi4 
kotopom 6epercfl k-bift OTcnaT nepeAaTOHHO^ 

CjDyHKI4MM; M - KOJ1MH60TBO OTCHeTOB 

nepeAaTOHHOM c|>yHKAHM. 

Bbi6op BenwH^Hbi kinrepsana 

AMCKpern3aMHH ooyiuecrBmeTCfi c yneroM 
o6bNHbix TpeeoBaH^i^, BbiieKafOLAktx 
reopeMbi KoTenbHMKOBa [4], Tskum o6pa30M t na 
nepeAaioiAyio oTopoHy AocraTOHHo nepeAasatb 
seKTopbi orcMeioB nepeAaTOMHbix cf)yHKJ4HH 
KaHanoe pasHeceHM^ g j, . _ j—jj BMecio 

caw^x nepeAaxoHHbix $>yHKi\m. 

CyiuecTBeHHoro cHMxeHk!fi nepeflasaeworo 
o6"beMa ^Hcj^opMaL^Mn mo>kho AoOnrbca, ecnn 
3aMeT^Tb fc hto <I>MX n AMX nepeAaroMHbix 
cj^yHKi^n^ Kananoa KOppeKU^n cneKTpa cinmana 
nweiOT caMOcronjenbHoe 3HaneHne. flpn 3tom 
<$>MX oco6shho snaHHMbi, nocKonbxy Bnn^ioT na 
xapaKiep GyiwMnpoBaHvi5i cneKTpanbHt^x 
nnorHOCTePi none3noro cMmana, nepeAaHHoro 
nepes pasnnMHbie Kanaribi paaneceHM?!. 
YnpaBnafl ronb^o $MX KaHanoB KoppeKqwn 
cneicrpa owrnana mo>kho nonynwrb 
sHaM^reribHb^ Bb4«rpbiiu b OCUJ Ha np^eMHotf 
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OTOpOHe, lamM oGpaaoM, ao3Mo>KHc 
TexNMMecKoe peujeH^ie, npw kotopom Ha 
nepeAaJOLqyio ciopoHy nepeAaiorcH xoribKO 
oicMeTbi OMX nepeAaioHHbix cfcyHsa^ KaHanoB 
pasHeceHi/m. npn^eM AOCTaTOMno nepeAasatb 
3HaMennw OMX no OTHOiiieHHio k $MX KaHana 
pasHeceH^R, Bb?6paHHoro B kbmoctbs onopnoro. 
3to no3Bon?reT nepeflaBarb N-1 BexropOB 

0TCM6TOB $HX BM8CTO N BCKTOpOB. [lyCTb 

onopHWM, HanpHMep, BBnseicfl nepBbiw Kawaxi 
pasHecenw^ Toraa aha Ha nepeAaiotAyK) 
cTopony aneAyiOT nepeAaaaTb seKTopbi 
oTcneTos <t>MX KaHanos pa3HeceH^R co aroporo 

no N-bift 
I _ 

Oi - [<Pil.<P|2.--»<PiMJ* ( 15 ) 
rAe 
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y i m w i t 



arg(#)- <£yHKL^fl B3RTHR 



apryMeHra KOMnneKCHoro <-mcna. 

OSbeM nepe^aBaewow HHcfcopMai^tf mo>kho 
eme Sojiee coKpaTHTb, yweHbiijaw pa3p^AHOCTb 
u^c£>pGBoro npeflCTaaneHHH nepeAaaaewsbiX 
OTCM8TOB <J>MX KaHanos pa3HeceHWfl. 3Toro 
saMSTMM, h to n/m nonyneHi^ Bbinrpbiiua B OCLU 
AOCTaTOMno oGecneMHTb raKyio roMHOCTb 4>HX 
ojiokob npeAbicKaKeH^a HH<£opMat41<lOHHOtO 
curHana, ripn kotopoh eu4e o6ecneHMBaeTcfi 
cno^eH^e (a He BbNmaHHe) cneKTparibHbix 
nnoTHOcre^ none3Horo cumajia pa3ni/iHHbix 
Kananoa pa3HeceHna a tohk© npnewia. JlerKo 
yoeAHTbcfl, hto b stom cnyMae AonycTHMbie 
paccorjiacoBanna b tohkb np^eMa cfjasosbix 
cneKTpOB none3Horo cumajria, nepeAannoro 
nepe3 nto6bie ABa paanwHHbix Kanana 
pa3HeceHH^, MoryT ne^arb a Anana30He or 90 
AO 120 rpaAycoa b saBucuwoci^ ot 
cooTHOiijeH^jR aMnnwTyA cneKTparibHbix 
cocraan?iK)Li^i4x. 

C yneiOM GKa3aHHoro AocraTOMHO 
nepeAaBaib cneAywu^yjo ^H<£opMai4KKX fina 
nepBoro (Bbio"paHHoro b KanecrBe onopnoro) 
Kanana pasHeceHUfi Hunero He nepeA^Tcs. A^a 
ocTaribHbix KananoB pasHecennfl nepeAasoTcs 
BeKTopu orcMeTOB 0HX KBHanoa pa3HeceHMfi, 
ho KawbiM orcHer n poact a b n e h oAHoe^THbiM 
HucnoM ("0" nnn "1"). 3to hwcjio noKasbiBaer, 

4TQ COOT9eTCTByK)ll^HPi OTGHGT <t>MX HaXOA^TCfl 

nn6o s oahow c|3a30BO& nojiynnocKacrw c 

OAHOHM8HHWM OTCHeTOM OROpHotf 0MX 

(cpur.da), Jifioo b Apyroi^ cJjasOBOwi 
nojiynnocKocTM (cJw.GC), i.e. 

1 

3>i =[hsi,b i2l ...,^M], (16) 

TAG 



otherwise 

Ha nepeAaK>U4e^ cTopone nonyMeHHaa 
nHcf)opMai|^R tfcnorfb3yercfl a^^ pacnera 
nepeAaxoMHbix tyyHKuwti ohokob 

npeAbiCKa>KeHMf? nHcjoopMaL^noHHoro curHana (b 

6ll OK8 5) B COOTBeTCTB^ki C Bbipa>KeHH3MM 

Ti=[1.1 13 -(17) 

nepeAaiOMHaa cJjyRKL^ufl 6noKa 
npeAbrcKa>5<eH^^ MH0opwaL4MOHHoro cnmana, 
cooraeTCTay torero onopnoiwy KaHany 
paaHeceHU^; 
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pa3HeceHH3, nocKoribKy ee ncnonbsoBaHfie 
no3BonfieT cyiAecTBeHHO yBenuMWTb 
noMexoycToPiMMBOCTb KorepeHTHO^i paaHeceHHoPi 
nepeAan^. B otom cnynae axi^ Ka>KAoro xaHana 
paaHeceHMSR, BKJiWMa^ n onopnbiPi, cneAyei 
nepeAaBarb seicrop otcsstob ero AMX 

Ai T =[Aii, A i2j ....Am]- (19) 

llpyi 3tom An« npeAcraBneHMfi Ka>KAoro 
orcHeTa AMX aoct3tohho ncnonbSOBaib 
HecKonbKO paapaQQB, nanp^wep 2-4 paapfiAa- 
BbipaxeHwa Ans nepeAaTOHHbtx cjDyHKL^wft 
6J10KOB n psAb? ox3 >ks h m fi s^HcjxspMaq^oHHoro 
cvtmana rorAa Aon>KHb* 6bfTb MOAnc^vi^poBaHbi 



x - 
i 



1M 
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nepeABTOMHa^ c^yHKi^vifl GnoKa 
npeAbiCKa>KOHHR HHC^opMai^^oHHoro cnrHana f 
coot B6 tot By K) UL^e ro onopHOMy KaHany 
pa3HeceHW«; 
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Eonn no3BOJi^K5T ycnoBMB, to cneAyex 
nepeAaaaTb m WHcJsopMaqwio 06 AMX KanajiOB 



1 - Z,M, CZ1> 

fA© q(bt m ) - (pyHKi^wn npeo6pa30saHHfi 
npuHSToro ABOkiHHoro Hucna b cjDasoBbiM cabwf; 
AannaR 4>yHKM^« MO>«eT 6biTb 3aAaHa b bwab 
Ta6nHi4bi cooTBeTCTB^fi nepeAaBaeworo n 
pa3pRAworo Mi^cna onpeABneHHOMy c£a30B0My 
CABury, 

OnucaHHwe sbiiue mbtoa^km cHiweHtffl 
o6"beMa nepeA^eaeMO^ KOHiporsbHO^ 
HHc^opMai^nn c npnewiHoft na nepeAasou^yHD 
CTopoHy hocat 061AHP1 xapascrep ia, b ^acTHOCTtf, 
MoryT 6biib TaioKe np^iweHeHbi B paHee 
paccMoipeHHOM np^Mepe np^MSHeHM^ 
3asBneHHoro ^3o6peT8H^fl b cucTewe caasM c 
OFDM. 

FlpHMep annapaTHoPi pean^3aq^^i 6noKa 
npeAbiCKa>KeHusH MHcjaopMai^MOHHoro c^mana 
no?icH5ieT ct>nr. 5, HHC^opMa^oHHbiw cuman 
cnaMana paccfcunbTpoBbisaeTCtf c ncMQLL^bio 
naSopa M cftunbTpos (18-j~18 M ) na M 
npkiMbiKaioLAMx nacroTHbtx nonoc. CurHaji 
Ka>KAoPi nacTOTHo^ nonocbi nepeMHO>KaeTCR co 
3HaHeHneM nepeAaTOMHOL^ cpymu,^ 6noKa 
npeAbiCKa>KeHHR nHcjDopviaL^MOHHoro cvirnana na 
AeHTpanbHOft nacTOTO stow ^acTOTHOti nonocb* 
(3Ta onepaqwa BbinonH^eTca c noMou^bJO 
nepeMHO>KMTeneM 19 r 19 M ), n noxiyMeHHbie 
peaynbraTbi cywM^pytoTCfi b cywMaTope 20. C 
BbixoA^ cyMwaTopa 20 cHMMaeicfl rpeoyeMbiPs 

npeAb!CK3>KeHHb^ HH(|)OpMai4^0HHb}^ CMTHan, 

Bo3MOH<Hbi \a Apyr^e cnoco^bi peanwsai^s^n 
SnoKOB npeAb!CKa>KeHM« uncjDOpMauino^Horo 
curHana. Hanpuwep, 6jiok npeAb!CKa>KeHWfl 
MHcf)opMai4HOHHoro cufKana mo>kho 

peannsoBaTb b BMA8 c^^ribTpa, nMnynbcna^ 
xapaKTepucTMKa KOioporo wo>KeT 6b?Tb 
nony^ena c noMOUJ,bK> o6paTHoro. 

Bo3MO>KHbi ia Apyr^e cnocoSbi peann3ai4nn 

6J10KOB np8AblCKa>KeHHJR WH4)OpMaL^WOHHOrO 

cumaiia. Hanpn^ep, 6jiok npeAbicKa>KeHHfi 
HH0opM8L^noHHoro cumana mo?kho 

peajinaoaaTb b bha^ cj^nbrpa, MMnynbCHapi 
xapaKTepi^cTHKa KOToporo mo>kbt 6biTb 
nonyHeHa c noMOLAbK) o5paiHoro 
npeo6pa30B3HHf3 0ypbe nepeASTOMHoi^ 
cf>yHKMi4W 6noKa npeAbtcKaweH^m 
MHcf>opiviai4tiOKHoro cwrnana. flonyMeHne 
nep8AaT04HOi^ cpyHKu,wv\ GnoKa npeAbicKa>KeHi4R 
nH(|>opMaL^^oHHoro cumajia noApoo"HO 
paccwarpviBanocb Bbiuue. 

HHbiM^i cnoBaw^, npeAbiCKaweHHe 
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HHc}>opMai^noHHQro curnana mokbt 

ocyi^ecTsn^TbCfl bo speMeHHoft n b 
cneKTpaiibHoPi oonacrflx, npH 3TOM 
AocwaeMbitf 3<$o>eKT ynyMLuenwfl 
noMexoycro^HMBOGTn npweivta cyAei 
oflWHaKOBbiM, nocKonbKy vie^y BpeweHHbiM w 
cneKTpaxibHbiw npeACTaBnoHHeiu c^majia 
cyiMecisyeT saawMHO oAH03H3MHoe 
cooTBercTBMe, b^a npeAcraBJieMHH c^irHanoB 
np\A peantfsaL^M i4ao6peTeHWfi na nepe&aiGw,Qw 
& nptfewHoft oropoHax He uweeT 3HaMeM^B. 

3aMerww, hto xoth b paccMOTpeHHbix b 
onwcanuM npuwepax peann3aL\nn H3o6peTeHHfi 
Kcnonbayeics n pocTpaHCTBSH noe urn* 
non^pn3ai4noHHoe pa3HeceHne, b 3a?mn?ieMOM 
n3o6peTeH^n Moryi npwueHATbCR nioobie 
H3BecTHbie bvia^ paaHeceHM^ (Hanp^Msp, 
BpeweHHoe wm qacioTRoe). Gyu^HOcrb 
H3o6pereHM^ f Koropaa aaKnioMaeTcs b 
npeAbiCKa>KeHMM HH0opMaL^oHHoro cun-iana b 
COOTBOTCTBHH c nepeAaTOHHbiMn C^yHKL^HflMW 

KaHanoB paaHBceni/m ahr MaKC^MH3annn 
KanecTaa npwewa KHCpopwaiJ^HOHHoro CMmana, 
ocraeTCPi npvi otom hsw3mbhho£i. 

3aflBiifieMoe n3o6peTeHs^e no cpaBHei-mKs c 

V!3BSCTHblMM TeXHUHeCKMMM peiLieH^flMH B 

AaHHo^ oonacTH rexHUK^ nosBon^er noBbicwTb 
noMexoycTo^HMBOCTb nepeAa^n cumajia a 
cLTcrewe paA^ocBfian npvt 

HacTOTHO-ceneKTtiBHbix 3awivipaHHfix curnana. 

0opMyna n3o6peTeHMH: 

1. CnoooO KorepeHTHoPi pa3HeceHHotf 
nepeAan^ c^mana, satonnDMaioiAW^c^ b tom, mto 
Ha nepeAaMDU^e?} cropoHe c^opM^pytoT N 
icaHanos pasHeceHwa, c|)opMMpyK>T N 
nmioT-c^PHanoe v\ Hta3naMajoT Ka>KAOwiy KaHany 
pa3HeceHH^ CBofi ni/inoT-cnrHan ( nepeAaKJT 
HHt^opManwoHHbjR cwman Hopes see K3Ha.nb1 
paaHecenwfl, a nunoT-cHrnanbi no 
cooTBercTByKDiA^M KaHanaw pasHeceH^fl, na 
np^eMHO^ cropoHe oi^eHi^BaKJT nepeAaTOMHbie 
0yHK[4HM KanarroB pa3HeceHWfi o 
ncnorib30BaH^eM nepeAannbix n^nor-cumanoB, 
nepeAaiOT pesynbiaibi oi4eHKn nepeAaxoMHbix 
(pyHKUtWw KananoB pasHeceH^w Ha nepeAaiouiyio 
cTopony, Ha nepeAahoiAeft cropoHe b 
cooTBercTB^n c nonyMeHHbiMM pesyjibyaTawM 
oqenoK ocyu4ectBn«K)T npeAbiCKaweHi^e 
HHCjDopMai^MOHHoro CHmana, nepeAaBaeMoro 
nepe3 Ka>KAbiPi KaHan paanec&HH^ TaKMM 

06pa30M, MT06bl M8KC^M^3MpOBaib K3HBCTBO 
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npnewia MH0opwat4viOHHoro cumana na 
npnGMHow cTopone. 

2 CnocoS no n\1, OTn^atot^w^cfl tsm, hto 
nwnoT-cw~Hanu KaHanoB pa3HeceH^a ^ 

HHC^OpMaL^MOHHblPi GMmaJI flBJlHIOTCFI B3aWMHO 

opToroHanbHb^Mn. 

3. Cnoco6 no n.1 s^inn 2, ommaioinw&cfi Tew a 
mto nmioT-ckiman^ KaHanoB pa3HeceHMfl v\ 
MHCf)opMaqnoHHb^ CHman 3aNMMaK)T oAHy n Ty 
>Ke nonocy MacroT, 

4. Cnoco6 no n.1 i^nn 2 ( om^MaioLUMwcj? tsm, 
mto nuriOT-cwrHan Ka>KAoro Kanana pa3HeceHMfi 
npeACTaBUBeT co6oPi coBOKynnocTb 
y3KononocKbix nunor-cMfHarioB, 
pacnpeAeneHHbix no nonoce nacTOT, 
3aHHMaeMQ?i nHct>opMai4«0HHbiM CMfHanoM, 

5. Cnoco6 no n.1, hjih 2 t i^n^i 4, 
oTJ^!^^asol^vli?ic^ tsm 1 mtq nwnoT-cuman Ka^Aoro 
Kan ana pa3HeceHU5fi npeACTaBnseT co6o^ 
coBOKynHocTb y3KonoJiocHbix nmtoT-cwrHanoB, 
pacnpoAejreHHbix no nonoce HacroT, 
BbiA^eHHow cucrewe paAMOCB^3H, npn 3toM 
nonoca Macior pasAenFieTca Me>KAy 
ysKononocHbiMM n^nor-c^rHanaMU pasiWMHbix 
KaHanos pasneceHUfi n HH^opMa^OHHbiM 
cumanoM. 

6. Cnoco6 no n.1 ? OTnanaioiAMPicf} reM, mto 
Ana ocyiAecTBneHU?! npeAbicKa>KeHMfi 
MHct)opMaqnoHHoro cumana pasG^eaioT nonocy 
MacroT nHcjDopMai^MOHHoro CHrnana Ha M 
npMMbiKaiomux MacTOTHbix nonoc, 
ocymecTBnFiiOT 4>nrtbTpaL4HK> KHC^opMaMtfGHHoro 
c^rnana b k3>kaom HacTOTHoP^ nonoce, o6pa3yfl 

M 4>MJlbTpOBaHHblX HH4>GpMaUHGHHbIX cumajioB, 

KoppeKT^pytoT <pa3y vt aMnnmyAy Ka>KAoro 
cj>^nbTpoBaHHoro ^Hc^opMaqwoHHoro cs^rnana b 
cooTBeicTBi^n c pesynbTaxaMM oi^eHK^ 
nepeAaioMHow 0ymu,^vi cooTBeTcreyiOLAero 
Kanana pa3HeceHH3, oSpaaya 
CKoppeKTMpoBaHHbie c^vinbTpoBaHHbie 
HHC^opMai^HOHHbie cwrHajibi, KOTopbie 3areM 
cyMMupy HDT. 

7. Cnoco6 no n.1, oTnuHatOLAHftcfl tom„ mto 
AHfl ocytAecTBneHMfl npeAbiCKa>K8HHfl 
nH0opMa4HOHHoro cwrnana ocyLAecTBn^tor 
npawoe npeo6paaoB8HMe Oypbe HaA 
HHc$DopMai4woHHbiM ctfmanoM k pesynbTax 
npeo6pa30BaHMfl nepewHOxatoT c a>yHKt^efl, 
KOMnneKCHO conpfi>KeHHo« c nepeAaroHHoR 
cfcyHKL^ie^ coot bst ct By K) U4e ro Kanana 
paaHeceHMfi, m ocyiuecTBn^iOT o6paTHoe 
npeo6pa3QBaHne <3>ypbe. 



o 

o 

CM 



CD 

to 

O 



50 



65 



o 



60 



-11- 



- MHcJiopMauMOHHtiM chmboji (nepeAaexca 
Mepe3 o6e pa3neceimf»ie aHTenHM) 



nnjioT chmboji nepBow 
aHrcuHbi (nepc^aeTCJi tojilko 
i iepe3 nepByio aiixeHHy) 
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fittJlOT CHMBOJ1 ETOpOH 

aHTeHHbi (nepeAaeTCH toubko 
qepea BTopyio anxeHHy) 
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En ok np^bicKa^e- 
Hka HcJ>opMai;i*OH- 
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cooTseTCTByKJiuwe ueHTpanbHhiw Macroraw cptf/ihrpoB 
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